Abstract: By analyzing the satellite images, topology map, geology map, geomorphology map, and field survey data, this study has determined the Cam Ranh-Tuy Phong fault in the South Central area, Viet Nam has NE-SW orientation and inclines to SE with high slope angle of 70-80 0 . During the Pliocene-Quaternary period, the Cam Ranh-Tuy Phong fault is left-lateral movement with the extension mechanisms, which formed the graben have an NE-SW orientation, deposited by Quaternary sediment. The fracture systems and fault are the channels for the mineral water and hot water to move up from the deep zone in the area of Cam Thinh Dong, Ha Nhi, Vinh Hao, Nha Me, Tuy Thinh..., and also to be the channels for the mud material, clay and underground water to move from below zone to the surface to form high mud mounds. The analytical results of clay mud have identified clay mineral composition to be main montmorilonit, illite, kaolinite, calcite, chlorite. The occurrence of montmorilonit minerals in this study area is characterized by the alkali-rich environment. The chemical composition of calcite is determined forming in the environment of with pH > 9, characterized by the arid climates. Besides, other analytical results of clay mud also identified some minerals, such as: ankerite (Fe, Mg)CO 3 , calcite and some accessory minerals such as: fluorite, lepidocrokit with the participation hydrothermal process.
Introduction


The neotectonic activity studies in the Nam Trung Bo area in Viet Nam, from Khanh Hoa to Binh Thuan have been concerned by Refs. [1, 2] The occurred cause of this phenomenon has many different points of views. Some Vietnamese geologists said that the cause of the mud eruption phenomenon is not related to mud volcano activity and the other ideas suggested that the cause of the mud eruption on the land and seabed is caused by deep pressure, pushed gas, liquid and mud to go up along the young fault zones or the intersection of Song Ba-Nha Trang River fault zone and Bien Hoa-Tuy Hoa fault zone in the study area.
The analyzing field of the characteristics of mud eruption and their relation to fault systems in the Nam Trung Bo Viet Nam, within the coordinates of 108°22′44′′-109°26′1.25′′ E and 11°1′53.24′′-12°4′31.57′′ N (Fig. 1) , we indicated that the mud eruption activities in this area are caused by the tectonic activities of the Cam Ranh-Tuy Phong fault. 
Material and Methods
Material
Remote sensing image Landsat 8 (2016) and topographic map of 1/50,000 scale.
Collection data of structural geology and drilling support for this study, included: 21 survey sites in the field for analyzing structural geology and 09 boreholes to get samples of mineral water and hot water in the area of Nhi Ha and Loi Hai.
Methods
 Remote sensing method: to identify the lineaments and the distribution locations of mud eruption, mineral water and hot water;
 Structural geology analysis method: to determine the relationship between the distribution of mud eruption, mineral water, hot water and tectonic activities;  Geo-chemical analysis method: to determine the chemical composition of clay mud, mineral water and hot water sample at each mud mound;  Electrical measurement method: to determine the limitation of each mud mound.
Results
Characteristics of Cam Ranh-Tuy Phong Fault Zone
The Cam Ranh-Tuy Phong fault has NE-SW orientation, with over 100 km long, from Cam Loc, Cam Ranh, Kanh Hoa province to Tuy Phong, Binh Thuan province (Fig. 1) . On the satellite images and topographic maps of 1/50,000 scale, the fault zone is identified including several parallel and successive segments. The evidences identify the fault activities including:
 The existence of steep slopes in lines which were analyzed on the satellite images;
 The abrupt change between the geological formations on the geological cross section (between the bedrock and unconsolidated sediments);
 The sudden changes in the thickness of the Quaternary sediments on each cross section in the sedimentary basin;
 The movement of river and stream along two sides of the fault;
 The existence of fracture systems along fracture zone;  The existence of the different structural geology stypes;
 The existence of the locations of the hot water and mineral water;
 The existence of outcrop groundwater locations;  The existence of the slides on the fault surface;  The changes of the sediment in the fracture zone;  The existence of the mineral composition in mud samples: ankerite (Fe, Mg)CO 3 , calcite, fluorite, lepidocrokit;
 The existence of geo-hazards to be due to tectonic activities along the fault zone;
 The existence of mud eruption locations along fault zone. The analytical results have identified the characteristics of each fault segment as following:
The fault segment of Cam Loc-Thap Cham is in the NE-SW orientation, which coincided with the same direction of graben with 20 km long. The two slopes of graben are main granite rock and its bottom is deposited by sediment of alluvi, proluvi and river with the thickness varies between 1-6 m ( Figs. 2 and 3) .
The fault segment of Phuoc Huu-Nhi Ha is in the NE-SW orientation, which coincided with the same direction of graben, with 15 km long. The two sides of graben are low hills and their component is intrusive granitic rocks. The bottom of graben is deposited by sediment of alluvi, proluvi with the thickness varying between 0.2-6.0 m (Fig. 4) .
The fault segment of Tuy Thinh-Hoa Thang is in the NE-SW orientation, which coincided with the same direction of graben, with 40 km long and 2 km wide. The two slopes of graben are main tuffaceous sandstone and its bottom is deposited by Quaternary sediment with the thickness varies between 5-10 m (Fig. 5 ).
In the Nhi Ha area, this fault zone has many evidences of sinistral movement (Fig. 6) .
Along the fault, the rocks have been heavily broken, created the zone with 0.5-1.5 m wide, such as Vinh Hao area (Figs. 7a and 7b) and many fault surfaces exist clearly slikenside in the area of Phuoc Khang, Nhi Ha, Nha Me (Figs. 9a and 9b). The analytical results of structural geology along the Cam Ranh-Tuy Phong fault zone are conducted by using the program Faultkin 7 of Allmendinger R. W. (Table 1 ).
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The above analytical results indicated that the Cam Ranh-Tuy Phong fault is active in Pliocen-Quaternary period, according to extension mechanism, created favorable conditions for mineral water, hot water, mud eruption, landslide development.
On each segment of Cam Ranh-Tuy Phong fault, there are many locations of hot mineral water, such as: Ba Ngoi, Nhi Ha, Loi Hai, Vinh Hao, Chau Cat, Tuy Thinh and Nha Me... (Fig. 1) . The hot mineral water in this area is determined as sodium bicarbonate mineral water category. Currently, some of the locations are being exploited to bottle or server for shower water services and treatment.
Characteristics of Mud Eruption Locations
The (Fig. 10) .
The drilling results obtained at different several locations showed that the composition of the clay material in the samples contains the minerals of montmorilonit, content of 15-25% in Nhi Ha and Loi Hai area and 70-75% in the Nha Me area.
The analytical results of the chemical composition in mineral water and hot water within the study area have determined that they belong to the type of silic-Flour including sodium bicarbonate with medium and low mineralization.
The analytical results of the mineral composition in the clay mud have obtained mainly montmorilonit, illite, kaolinite, calcite, chlorite. The presence of montmorilonit mineral reflects the rich alkaline environment. Besides, the chemical composition of calcite which was created in an environment with pH > 9, reflecting the arid climate environment.
Based on the geological characteristics, the type of clay in this area is assumed, forming in the weathering zone of bedrock with rich alkaline minerals. Besides, in the mineral composition of the clay also has some (Tables 2 and 3 ).
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Discussions
On the geological map (Fig. 11) , the Cam Ranh-Tuy Phong fault zone cut through the granite rock, late Jurassic age belongs to Dinh Quan formation. In the field, the traces of slickenside and movement of calcite dyke are very clear.
The movement of faults formed the graben bands in NE-SW orientation, which is deposited by the unconsolidated Quaternary sediments. Along the fault zone, there are many fractures, landslides, hot mineral water outcrop, underground water and mud eruption to be the evidences to confirm that this fault is still active.
The studies of mud volcano activities have been concerned by geologists from many decades ago and they mainly concentrated in the seabed. The causes and mechanisms of mud volcanoes in the seabed are clearly explained in Refs. [3] [4] [5] [6] .
The results in their studies have said that the mud volcano activity is related to sedimentary basins, thickness, pressure, tectonic faults and fluids run along the fault zone. Chow et al. [7] showed the existence of fault zones around mud volcanoes.
In addition, the other studies also showed that the largest mud volcanoes in the world have over 10 km in diameter and nearly 700 m in height, such as: the Kazakov mud volcano has a diameter of 2.5 km and 120 m high [8] .
The characteristic of mud volcano is the occurrence of sedimentary rocks, formed at the place where the mixtures of fine sediments in liquids, usually associated with rock debris or compacted mud, discharged on the surface of seabed [3, [9] [10] [11] .
In the South Central area of Viet Nam, the sedimentary rocks are mainly from Jurassic to Cretaceous ages (Fig. 11) . The mud eruption activities in here are determined to be related to Cam Ranh-Tuy Phong fault zone. However, these are only the initial results. These results need to be analyzed in detail and compared to the surrounding area to ensure accuracy.
Conclusions
The analytical results of satellite images, topology map, geology map, geomorphology map and field survey data, have determined that about the Cam Ranh-Tuy Phong fault in the South Central area, Viet Nam has NE-SW orientation, inclines to SE with high slope angle of 70-80 degrees.
During the Pliocene-Quaternary period, this fault is left-lateral movement with the extension mechanisms, which formed the graben have an NE-SW orientation, deposited by Quaternary sediments.
The fracture system and faults are the channels for the mineral water, hot water to move up from the deep zone in Cam Thinh Dong, Ha Nhi, Vinh Hao, Nha Me, Tuy Thinh..., and also to be the channels for the mud material, clay and underground water to move from below zone to the surface to form the high mud mounds.
The analytical results of clay mud have identified clay mineral composition to be main montmorilonit, illite, kaolinite, calcite, chlorite. The occurrence of montmorilonit minerals in this study area is characterized by the alkali-rich environment. The chemical composition of calcite is determined forming in the environment of with pH > 9, characterized by arid climates.
Besides, other analytical results in clay mud also identified some minerals, such as: ankerite (Fe, Mg) CO 3 , calcite and some accessory minerals such as: fluorite, lepidocrokit with the participation hydrothermal process.
